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1
METHOD AND APPARATUS FOR IGNITING
SILICON RODS OUTSIDE A CVD-REACTOR

RELATED APPLICATION

This application corresponds to PCT/EP20111003724,
filed Jul. 25, 2011, which claims the benefit of German Appli-
cation No. 10 2010 032 103.6, filed Jul. 23, 2010, and U.S.
Provisional Appln. Ser. No. 61/371,864, filed Aug. 9, 2010
the subject matter of which is incorporated herein by refer-
ence in its entirety.

FIELD OF THE INVENTION

The present invention relates to a method and an apparatus
for igniting silicon rods outside of a CVD-Reactor as well as
a method and an apparatus for depositing silicon on a silicon
rod.

BACKGROUND OF THE INVENTION

In the area of semiconductors and photovoltaics, it is
known to produce high purity silicon rods, e.g. according to
the Siemens method in deposition reactors, which are also
known as CVD-reactors. In this method, thin silicon rods are
first placed in the reactors. Thereafter, silicon is deposited on
these thin silicon rods during a deposition process in order to
produce thicker rods. The silicon rods are first retained in
clamping and contacting devices, wherein these clamping
and contacting devices maintain the silicon rods in a desired
orientation and provide for electrical contacting thereof. Two
of'the silicon rods are respectively connected at their free ends
by electrically conductive bridges or bridges made from sili-
con material in order to form an electrical circuit via contact-
ing devices located on the same side of the reactor. However,
it is also possible to electrically contact the silicon rods their
opposing ends, i.e. from above and from below.

The silicon rods are heated to a predetermined processing
temperature at which deposition of silicon from a vapor or gas
phase takes place on the silicon rods. The silicon rods are
heated by resistance heating during the deposition process by
a current flow at a predetermined voltage, where appropriate,
the silicon rods may also be heated by an external heating
unit. The deposition temperature usually lies between 900
and 1200° C. and particularly at about 1100° C. However, the
deposition temperature may also be another temperature.

Initially, the silicon rods have a high resistance. In order to
initiate an initial current flow in the silicon rod, at first a high
voltage has to be applied. When doing this, the silicon rod
changes from a non-conductive condition to a conductive
condition, which is referred to as ignition in the following.
The resistance markedly decreases after the ignition and par-
ticularly decreases when the temperature rises. For igniting
the silicon rods and for subsequently heating the silicon rods
up to the predetermined processing temperature, a sophisti-
cated multi-stage power supply having different power sup-
ply units is required. Such a power supply is known e.g. from
DE 102009021 403 A or from DE 102010 020 740 A, which
belongs to the same applicant as the present application but
has not been published prior to filing the present application.
In particular, a designated power supply unit for the ignition
process is required.

The problem to be solved by the present invention is to
provide a method and an apparatus decreasing the require-
ments in an ignition operation and an ignition unit in a CVD-
reactor, respectively.
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2
SUMMARY OF THE INVENTION

The problem is solved by a method according to the present
invention. Further embodiments of the invention are
described herein.

Particularly, a method for igniting silicon rods outside of a
CVD-reactor for preparing the silicon rods for a subsequent
treatment in a CVD-reactor is provided. In the method, a
silicon rod is disposed in an ignition device, and a first voltage
is applied to the silicon rod by means of a first power supply
unit, wherein the voltage is sufficient for igniting the silicon
rod. Thereafter, current is conducted through the silicon rod
via the first power supply unit, and the silicon rod is heated at
least partially by the current flow to a temperature within a
predetermined temperature range. Thereafter, the silicon rod
is removed from the ignition device. The inventors found out
that a silicon rod, once it has been ignited, may be ignited by
use of a lower voltage in subsequent ignition processes when
compared to the first ignition. Thus, silicon rods could be
ignited e.g. ina second ignition by use of voltages which were
between 30% and 40% lower than at the first ignition. The
method mentioned above thus provides for preparation of the
silicon rods for a subsequent CVD-treatment, wherein the
preparation simplifies the CVD-treatment and the device
required therefor. Particularly, the ignition operation for a
subsequent CVD-treatment may be substantially simplified
by the above-mentioned method.

Preferably, a gas atmosphere is formed around the silicon
rod during the process after the silicon rod has been disposed
in the ignition device, wherein the gas atmosphere is com-
posed in such a way that no reaction between the gas and the
silicon rod occurs during ignition and heating. To this end, the
gas atmosphere is formed e.g. generally from N,, H,, an inert
gas, or mixtures of two or more of these gases.

In order to facilitate subsequent ignition events, the silicon
rod is heated to a temperature in a range between 400° C. and
700° C. and preferably to a temperature in a region between
450° C. and 600° C. The inventors found out that, even though
one single ignition already facilitates subsequent ignition
events, the effect becomes even better if the silicon rod is
heated to an elevated temperature. A temperature region
between 400° C. and 700° C. and particularly between 450°
C. and 600° C. has been recognized as an advantageous
temperature range, since the effect showed a particularly high
increase in this region. At lower and higher temperatures, the
changes were smaller, though. The best temperature may be
dependent on the silicon rod and the doping thereof.

In order to reach the temperature within the predetermined
temperature range, the silicon rod may be at least partially
heated by a heating device spaced from the silicon rod, par-
ticularly a heating device using infrared radiation. By this
means, the demands on the power supply unit for conducting
current through the silicon rod may be reduced. Furthermore,
the residence time of a silicon rod in the ignition device may
be shortened, since the heating process may be accelerated.
Also, the heating device may heat the silicon rod already
before ignition, which, in turn, facilitates the first ignition
event. The first voltage is preferably in a range between 8 kV
and 15 kv for a good ignition.

In one embodiment, a plurality of silicon rods is arranged
in the ignition device, and the silicon rods are connected to a
first voltage at the same time or sequentially, in order to ignite
the silicon rods and heat the silicon rods thereafter.

Furthermore, a method for depositing silicon on a silicon
rod is provided, wherein initially a method as was described
above is carried out. Thereafter, a plurality of previously
ignited and heated silicon rods is disposed in a CVD-reactor,
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and a second voltage is applied to each of the silicon rods by
means of a second power supply unit, in order to ignite the
silicon rods again. Thereafter, a third voltage is applied to
each of the silicon rods by means of a third power supply unit,
in order to heat the silicon rods to a temperature within
another predetermined temperature range, wherein the third
voltage is lower than the second voltage. Furthermore, a gas
atmosphere is formed in the CVD-reactor, the gas atmosphere
effecting deposition of silicon on the silicon rod, at least
within the other predetermined temperature range. By pre-
igniting the silicon rods outside the CVD-reactor, the new
ignition in the CVD-reactor is facilitated, and the residence
time of the silicon rods in the CVD-reactor may be reduced.
Furthermore, the construction of the CVD-reactor may be
simplified in the above-mentioned method, since lower volt-
ages are required for the second ignition in the CVD-reactor
when compared to the first ignition. In this sense, also the
second voltage is preferably lower than the first voltage.

According to the invention, in a device for igniting silicon
rods outside a CVD-reactor in order to prepare the silicon
rods for a subsequent treatment in a CVD-reactor, the device
comprises a casing having a chamber for housing at least one
silicon rod, at least one pair of contacting electrodes in the
chamber for holding a silicon rod therebetween, and a first
power supply unit. The first power supply unit comprises at
least one transformer, wherein each output of the transformer
is connected to a contacting electrode of one pair, and wherein
the transformer comprises an open circuit voltage which is
sufficiently high, in order to initialize a current flow in the
silicon rod. With such a device, the benetfits discussed above,
referring to the method may be attained. The transformer may
comprise an open circuit voltage in a range between 8 kV and
15 kV in order to facilitate a reliable and fast ignition of the
silicon rod.

Preferably, the device comprises means for adjusting a
predetermined gas atmosphere in the chamber in order to
inhibit e.g. an oxidation of the silicon rods during an ignition
event and during a subsequent heating process.

Furthermore, at least one heating device may be provided,
wherein the heating device is arranged in such a way that a
silicon rod inside the chamber may be heated by means of
radiation energy. Particularly, the heating device may com-
prise an infrared radiator or emitter, which provides for good
energy coupling into the silicon rod without contact.

In order to be able to ignite a plurality of silicon rods at the
same time or sequentially without loading/unloading opera-
tions in-between, a plurality of contact electrodes is provided
in the chamber. Furthermore, an apparatus for depositing
silicon on a silicon rod is provided, which comprises a device,
as was described above, in combination with a CVD-reactor.
In such an apparatus, the CVD-reactor comprises a plurality
of'contacting electrodes for holding a plurality of silicon rods,
at least one second and one third power supply unit, as well as
means for forming a gas atmosphere in the CVD-reactor, thus
causing deposition of silicon on silicon rods at a temperature
in a predetermined temperature range. The second power
supply unit includes a transformer which has an open circuit
voltage sufficient for igniting a silicon rod. The third power
supply is adapted for directing a current through the silicon
rods, which is higher than a short circuit current of the trans-
former of the second power supply unit.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be explained in more
detail referring to the figures, wherein:

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 1 shows a schematic illustration of a device for ignit-
ing a silicon rod outside a CVD reactor;

FIG. 2 is a schematic view of an apparatus for carrying out
a CVD-method according to the invention.

DETAILED DESCRIPTION

Terms used in the following specification related to loca-
tions and directions, respectively, primarily relate to the illus-
trations in the figures. Thus, these terms shall not be regarded
as limiting. These terms may refer to a preferred final arrange-
ment, though.

FIG. 1 shows a schematic illustration of a device 1 for
igniting a siliconrod 2 outside a CVD-reactor. This means the
device 1 is not designed as a CVD-reactor.

The device 1 generally consists of a main casing 4 defining
aprocess chamber 6 therein. A switchbox 7 is shown adjacent
to the main casing 4, although the switchbox 7 may also be
integrated into the main casing 4. The main casing 4 is formed
from a suitable material, which provides for thermal isolation
of the process chamber with respect to the environment.

A lower silicon rod support 10 as well as an upper silicon
rod support 12 is provided within the process chamber 6. The
upper silicon rod support 12 is supported within the process
chamber 6 by means of holding units 14 such that it is verti-
cally adjustable, as is shown by double arrows in FIG. 1. The
lower silicon rod support 10 is provided stationary at the
bottom of the process chamber 6 and is made of an electrically
conducting material which does not contaminate the silicon
rod, such as graphite. The lower silicon rod support 10 may be
of'a design as described e.g. in DE 20 2010 002486 U, which
is incorporated herein by reference, in order to avoid undue
repetitions.

The upper silicon rod support 12 may generally have the
same design. The upper silicon rod support 12 is supported
from the side by means of holding units 14, which are
mounted to side walls of the process chamber in a vertically
adjustable manner. Thereby, the distance between the silicon
rod supports 10 and 12 may be adjusted, depending on the
length of the silicon rod 2. Thus, good contacting of each
silicon rod 2 may be ensured. In particular, it is possible to
maintain the upper silicon rod support 12 freely movable over
a certain travel range and it is also possible that the upper
silicon rod support 12 rests on a respective silicon rod 2,
which is retained between the silicon rod supports 10 and 12,
from above by means of gravity. In the region of the process
chamber 6, at least one gas supply 16 as well as one gas
exhaust 17 are provided. The gas supply 16 is located in a
lower region of the process chamber 6, whereas the gas
exhaust 17 is provided in an upper region of the process
chamber 6. Of course, it is also possible to arrange the gas
exhaust 17 at the bottom and the gas supply 16 at the top.

Furthermore, a heating unit 19 is provided in the process
chamber 6. The heating unit 19 shown is of a type which is
adapted for heating the silicon rod by means of radiation, i.e.
contactless. The heating unit 19 may comprise at least one
infrared radiator. Of course, it would also be possible to
arrange the heating unit 19 outside the process chamber 6, as
long as the process chamber 6 comprises a window, which is
transparent to the radiation of the heating unit 19. The heating
unit 19 could also heat a chamber wall of the process chamber
6, in order to indirectly heat the silicon rod 2. However, direct
heating by radiation of the heating unit 19 is preferred, since
it acts fast and may be controlled in a fast manner.

A power supply comprising a transformer 20 is provided
within the switchbox 7. The transformer 20 is connectable to
asingle phase alternate current of e.g. 400 Volts on its primary
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side. On its secondary side, the transformer is constructed in
such a way that the transformer outputs an open circuit volt-
age in a range of 8kV-15kV.

The transformer is constructed as a so-called soft trans-
former, which comprises e.g. an air gap and comprises a steep
decreasing current-voltage-characteristic when the current
flow increases. The secondary side of the transformer 20 is
electrically connected to the lower and upper silicon rod
supports 10 and 12, respectively. In this arrangement, the
lower silicon rod support 10 is grounded, whereas the high
voltage is applied to the upper silicon rod support 12. This
arrangement may of course also be inverted.

Even though only one lower and one upper silicon rod
support 10 and 12, respectively, are shown in FIG. 1, itis to be
noted that a plurality of lower and upper silicon rod supports
10, 12 may be provided in pairs in the process chamber 6, in
order to be able to hold a plurality of silicon rods in the
process chamber 6 at the same time. For each pair of lower
and upper silicon rod supports 10, 12, an associated trans-
former may be provided. However, it is also possible that
pairs of lower and upper silicon rod supports 10, 12 are
connectable to the same transformer, wherein one control unit
may be provided, which sequentially connects the trans-
former to the corresponding pairs, in order to sequentially
ignite the retained silicon rods.

In the following, the operation of the device 1 is explained
in more detail, referring to FIG. 1.

Initially, a silicon rod 2 is inserted between the silicon rod
supports 10, 12 and thereafter the process chamber 6 is
closed. The process chamber 6 is flushed with a gas by means
of'the lower gas supply 16, wherein the gas does not influence
the following process. A suitable gas is e.g. N, H,, or another
inert gas, such as Argon.

Flushing is continued until the entire process chamber 6 is
filled with this gas. In order to ensure that the whole process
chamber is filled with gas, gas may be e.g. exhausted via the
upper gas exhaust 17 and a sensor within the gas exhaust 17
may detect that no other gases exit from the process chamber
6. At this point in time, a voltage in a range between 8kV and
15kV is applied between the lower silicon rod support 10 and
the upper silicon rod support 12 and is thus applied to the
silicon rod 2 by means of the current supply, particularly by
means of the transformer 20. The silicon rod 2 will begin to
conduct current after a certain time of e.g. 4 to 5 minutes. At
this point in time, the silicon rod is said to have ignited, i.e. has
changed from a non-conducting condition to a conducting
condition.

When the silicon rod 2 begins to conduct current, the volt-
age quickly drops and the current flow increases. Resistance
heating occurs within the silicon rod 2, caused by the current
flow. The silicon rod 2 is heated to a temperature in a range of
from 450° C. to 600° C. by use of this heating effect and by
use of the heating unit 19, if provided. The heating unit 19
may also heat the silicon rod 2 before the ignition thereof in
order to facilitate the ignition and in order to accelerate the
whole process.

Thereafter, the current flow through the silicon rod 2 is
discontinued, and the silicon rod 2 is cooled to a handling
temperature within the process chamber 6. This cooling pro-
cess may be accelerated by an increased gas flow through the
process chamber 6. Thereafter, the silicon rod 2 is removed
from the process chamber 6 and may be first temporarily
stored for future processing in a CVD-reactor or may be
directly inserted into the CVD-reactor.

FIG. 2 shows an apparatus 100 for carrying out CVD-
processing. The apparatus 100 comprises a device 1, as was
described above, a silicon rod storage 102, as well as a CVD-
reactor 105.

The silicon rod storage 102 is any suitable type of storage
in which a plurality of silicon rods 2 may be securely stored.
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Preferably, the silicon rod storage 102 should comprise a
chamber in which a predetermined gas atmosphere may be
adjusted, particularly a gas atmosphere free of oxygen. In
case the silicon rods 2 should be processed once again before
insertion into the CVD-reactor 105, particularly, in case the
silicon rods 2 shall be etched, the predetermined gas atmo-
sphere could be dispensed with.

The CVD-reactor 105 may be any known type of a CVD-
reactor, wherein the electric circuit for connecting the silicon
rods 2 inside the CVD-reactor may be simplified when com-
pared to a commonly known circuit. Particularly, the first
ignition stage may be completely omitted, since pre-ignited
silicon rods 2 may on the one hand be ignited faster and may
on the other hand be ignited at lower voltages.

As is shown in FIG. 2, the CVD-reactor 105 has a process
chamber 106, wherein a plurality of silicon rod supports 108
is provided at the bottom of the process chamber 106. Each of
these silicon rod supports 108 is adapted to support a silicon
rod 2 in a free-standing manner. The free-standing silicon
rods 2 are electrically connected to each other at their upper
ends via bridges 110, respectively, as is known in the art. The
silicon rod supports 108 may be e.g. of the above-referenced
type.

The silicon rod supports 108 are connected in pairs to at
least two power supply units not shown in detail, wherein the
pairs correspond to the silicon rods connected in pairs. Par-
ticularly, a power supply unit having a transformer is pro-
vided, wherein the transformer comprises an open circuit
voltage, which is sufficient to ignite a pre-ignited silicon rod
a second time. Therefore, the transformer may comprise a
lower open circuit voltage than is usually provided. Particu-
larly, a transformer having an open circuit voltage in a range
of 6 kV-4kV is considered. Furthermore, another power sup-
ply unit is provided, which is able to direct a current through
the silicon rods 2, wherein the current is higher than a short
circuit voltage of the transformer.

In the following, the method of the invention for carrying
out a CVD deposition will be explained in more detail refer-
ring to FIG. 2.

Initially, the silicon rods 2 are pre-ignited in the manner
described above referring to FIG. 1, and the silicon rods 2 are
heated to a predetermined temperature. Thereafter, the silicon
rods 2 are removed from the device 1 and are optionally stored
in silicon rod storage 102. A plurality of silicon rods 2 may be
pre-ignite one after another in device 1 in the manner
described above.

Once a sufficient number of silicon rods 2 for loading a
CVD-reactor 105 has been pre-ignited, these silicon rods 2
are inserted into the CVD-reactor 105 in the manner shown in
FIG. 2. Thereafter, the silicon rods 2 are treated in the CVD-
reactor 105 in a known manner.

In the CVD-reactor 105, lower voltages, i.e. 30% to 40%
lower voltages than normally, are required for re-igniting the
silicon rods 2, because the silicon rods 2 have already been
pre-ignited in device 1. Therefore, a substantial time-saving is
achieved. In particular, the silicon rods are connected to a
voltage via a power supply including the transformer, in order
to ignite the silicon rods. After ignition, current is directed
through the silicon rods by means of another power supply, in
order to heat the silicon rods to a temperature in a predeter-
mined temperature range, e.g. between 900° C. and 1200° C.
Thereafter, suitable process gases are supplied into the pro-
cess chamber 106, in order to cause a silicon deposition on the
silicon rods 2 from the gas phase. Finally, the silicon rods 2
are cooled again and are removed from the CVD-reactor.

While the pre-ignition process inside the device 1 takes
several minutes (e.g. about 10 to 15 minutes including han-
dling times), the CVD-process inside the CVD-reactor is very
time-consuming and takes e.g. 80 to 100 hours. Thus, the
device 1 is able to pre-ignite a sufficient number of silicon



US 9,255,325 B2

7

rods 2 for one or more CVD reactors, particularly if a plurality
of silicon rods 2 can be received in the device 1 at the same
time.

The invention has been explained in detail above, referring
to preferred embodiments of the invention, wherein the inven-
tion is not limited to the embodiments shown. Specifically,
the design of the device 1 and also of the CVD-reactor 105
may differ from the shown form.

The invention claimed is:

1. A method for igniting silicon rods outside a CVD-reactor
for preparing a silicon rod for subsequent processing in a
CVD-reactor, wherein the method comprises the following
steps:

disposing a silicon rod in an ignition device;

applying a first voltage to the silicon rod by means of a first

power supply unit, wherein the voltage is sufficient to
ignite the silicon rod;
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8

conducting current through the silicon rod by means of the
first power supply, in order to heat the silicon rod to a
temperature within a predetermined temperature range;

removing the silicon rod from the ignition device;

disposing a plurality of previously ignited silicon rods in a
CVD-reactor;

applying a second voltage to each of the silicon rods by
means of a second power supply unit, in order to ignite
the silicon rods inside the CVD-reactor;

applying a third voltage to each of the silicon rods in order
to heat the silicon rods to a temperature in another pre-
determined temperature range, wherein the second volt-
age is lower than the first voltage; and

forming a gas atmosphere inside the CVD-reactor, the gas
atmosphere causing deposition of silicon on the silicon
rod within the predetermined temperature range.

2. The method according to claim 1, wherein the third

voltage is lower than the second voltage.
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